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Abstract: In this study, we examined eye movements and comprehension in sentences containing a 
relative clause. To date, few studies have focused on syntactic processing in dyslexia and so one 
goal of the study is to contribute to this gap in the experimental literature. A second goal is to con-
tribute to theoretical psycholinguistic debate concerning the cause and the location of the processing 
difficulty associated with object-relative clauses. We compared dyslexic readers (n = 50) to a group 
of non-dyslexic controls (n = 50). We also assessed two key individual differences variables (working 
memory and verbal intelligence), which have been theorised to impact reading times and compre-
hension of subject- and object-relative clauses. The results showed that dyslexics and controls had 
similar comprehension accuracy. However, reading times showed participants with dyslexia spent 
significantly longer reading the sentences compared to controls (i.e., a main effect of dyslexia). In 
general, sentence type did not interact with dyslexia status. With respect to individual differences 
and the theoretical debate, we found that processing difficulty between the subject and object rela-
tives was no longer significant when individual differences in working memory were controlled. 
Thus, our findings support theories, which assume that working memory demands are responsible 
for the processing difficulty incurred by (1) individuals with dyslexia and (2) object-relative clauses 
as compared to subject relative clauses. 




The purpose of the current study is to investigate the processing of subject- and ob-
ject-extracted relative clauses, henceforth referred to as subject and object relatives (see 
Table 1 for examples). Past research has identified that object relatives are consistently 
more difficult than subject relatives (e.g., [1–3]). We are interested in examining how in-
dividuals with dyslexia process these kinds of sentences because research into sentence 
processing in dyslexia is extremely limited, and thus, the first goal of the study is to de-
termine whether individuals with dyslexia have difficulties with this particular type of 
syntactic construction. The second goal of the study is to contribute to the theoretical de-
bate concerning the source of processing difficulty between subject and object relat ives. 
Theoretical debates have identified two key issues: the first is violation of predictive ex-
pectations, which have been computationally assessed via Surprisal [4,5], and is very 
closely related to linguistic prediction (for reviews see [6,7]). The second source of diffi-
culty is working memory. With object relatives, the object noun phrase must be held in  
memory until the reader encounters the relative clause verb, with which it is associated 
[1,3,8–13]. Thus, resolving the long-distance dependency is expected to incur substantial 
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demand on cognitive resources, especially in terms of working memory. Dyslexia presents 
a very interesting test of these theoretical debates, because dyslexia has been associated 
with deficits in both working memory [14,15] and linguistic prediction [16]. Thus, there is 
good reason to suspect that individuals with dyslexia will show both online processing 
and offline comprehension deficits with object-relative sentences. 
Table 1. Example stimuli showing object- and subject-relative clauses, and comprehension ques-
tions. 
Object Relative 
The fisherman that the | hiker | passed | carried heavy gear. 
Comprehension Questions 
Did the hiker pass the fisherman? (correct answer = Yes)  
Did the fisherman pass the hiker? (correct answer = No) 
Subject Relative 
The fisherman that | passed | the | hiker | carried heavy gear.  
Comprehension Questions  
Did the fisherman pass the hiker? (correct answer = Yes) 
Did the hiker pass the fisherman? (correct answer = No) 
Note. Bolded words show key regions of interest (hiker = relative noun, passed = relative verb). 
Words were not bolded in the experiment. 
In the remainder of the Introduction, we first cover the literature on dyslexia with a 
particular focus on sentence comprehension in dyslexia and what is known about the eye 
movement behaviour of individuals with dyslexia when they read. We then turn our at-
tention to the theoretical psycholinguistics literature, and the two broad classes of pro-
cessing models (memory-based and expectation-based) that make predictions about the 
processing difficulty associated with subject- and object-relative sentences. Finally, we 
present the rationale and hypotheses of the current study. 
1.1. Sentence Processing in Dyslexia 
Dyslexia is a specific learning disability that has a neurobiological origin and is pri-
marily characterised by deficits in phonological skills. These deficits manifest as difficul-
ties in single-word decoding and spelling, as well as in reading accuracy and fluency is-
sues [17,18]. Phonological skill deficits affect an individual’s ability to manipulate, store 
and retrieve the phonemic and graphemic codes of language [19]. Studies on dyslexia 
have reported syntactic issues in both oral and written language across the lifespan 
[20,21]. Impairments in the comprehension and production of complex syntax may origi-
nate from several sources. These range from broad weakness in language processing [22] 
to more specific linguistic deficits, such as, phonological skills and/or semantics. Other 
studies have also suggested that deficits in dyslexia may arise from more basic cognitive 
abilities/executive functions, such as working memory [23,24]. Finally, it is important to 
keep in mind that many individuals with dyslexia do not read as much as typically devel-
oped individuals, and so, deficits in dyslexia may also be a secondary result of reduced 
reading experience [25]. 
The current literature on sentence processing in dyslexia is extremely limited. This 
is important because we do not know whether dyslexic readers show difficulty in sentence 
processing and sentence comprehension, over and above single-word decoding difficul-
ties [26,27]. There are considerable differences between reading single words and reading 
sentences. Comprehending sentences requires the ability to combine words together into 
meaningful phrases and extract compositional meaning, and is therefore, considerably 
different and more complex than single-word reading.  
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There have been several studies that have examined the eye movements of individ-
uals with dyslexia, from investigating the basis of Pavlidis’ [28] theory that atypical eye 
movements are the cause of dyslexia to the association between oculomotor control, 
visuo-spatial deficits [29–31] and differences in saccadic eye movements [32,33]. Further 
studies on eye movements of individuals with dyslexia reading single words and non-
words [34,35], sentences [36–38] and texts [26,27] have shown that dyslexic readers tend 
to make longer fixations, shorter saccades and a greater proportion of regressive eye 
movements compared to non-dyslexic readers. 
As mentioned previously, individuals with dyslexia show deficits in several areas, 
which fall along a continuum and are assumed to be linked to their problems with read-
ing. In the current study, we focused on two key individual differences variables, which 
were assessed along with sentence comprehension and eye movements. The first was 
working memory [14] and the second was verbal intelligence [39–41]. We assumed that 
these two individual difference variables would play a role in the processing and compre-
hension of sentences with object-relative clauses. In order to read and understand a sen-
tence, people need to be able to store and process information at the same time, as it re-
quires them to combine prior information provided in the sentence to make inferences 
and resolve long-distance dependencies [42]. Working memory has been suggested as a 
key factor in the successful comprehension of object-relative clauses [9], and individuals 
with dyslexia often have deficits in working memory [14,15]. 
With respect to verbal intelligence, reading requires a broad vocabulary in order to 
quickly extract the correct meaning of words, and in turn, the meaning of sentences. Ac-
cording to Perfetti [43], low-quality lexical representations lead to comprehension diffi-
culty because the lack of automatic and/or precise associations, either at the junction of 
orthography-phonology or phonology-semantics, which causes information necessary for 
integrating a word into its sentential context to be unavailable at the time when it is 
needed. Van Dyke et al. [40] reported that comprehension of subject and object relatives 
was much more related to verbal intelligence than to working memory [39]. The same 
may also be true for individuals with dyslexia, who are often reported to have lower ver-
bal intelligence [25,41]. In summary, we expected individuals with dyslexia to show dif-
ferences both in terms of comprehension and eye movements, and thus, the first goal of 
the study is to test whether these predictions hold for subject and object relatives.  
1.2. Psycholinguistic Theories–Relative Clauses 
Several studies have established that sentences containing object relatives are more 
difficult to comprehend than sentences containing subject relatives [1,3,44]. The difficulty 
can be manipulated by several factors, such as animacy and semantic similarity of the 
noun phrases occurring in the sentence [1,8,45–47], as well as by the fact that object rela-
tives are much less common than subject relatives [48]. According to Gibson’s [9] Syntactic 
Prediction Locality Theory (SPLT), which emphasises memory processes, it is predicted 
that while processing a sentence with a relative clause, more difficulty should arise at the 
relative clause verb (e.g., passed in a sentence like ‘The fisherman that the hiker passed 
carried the heavy gear’) [5,10]. On the other hand, a probabilistic expectation-based ac-
count (e.g., [4]), which focuses on experience- and frequency-based expectations, predict 
earlier difficulty at the relative clause noun (e.g., hiker in the previous example). These 
differential predictions are important for two reasons. The first is that the source of the 
processing difficulty is distinct. One class of theory assumes working memory demands 
are the key factor, while the other assumes that difficulty arises from a violation of pre-
dictive expectation. The second reason is that the theories make different predictions 
about where processing difficulty should be incurred.  
Eye movement studies on object and subject relatives have reported an increased 
number of regressions and longer reading times for object relatives compared to subject 
relatives [3,47,49]. Expanding on previous eye-tracking studies, Staub [44] reported, in a 
study that more closely resembled normal reading, that sentences with object relatives 
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took longer to read than sentences with subject relatives. In particular, he showed elevated 
reading times at the relative verb and increased regressions from the relative noun. Based 
on this pattern, Staub concluded that both ‘classes’ of theories were partially correct (i.e., 
difficulty at the noun was in the form of increased regression, consistent with violation of 
expectation, and difficulty at the verb was in the form of elevated reading times, consistent 
with memory retrieval once the verb was encountered).  
To date, there has only been one study to examine the comprehension of subject and 
object relatives in dyslexia. Wiseheart, Altmann, Park and Lombardino [50] examined sub-
ject and object relatives in adults with and without dyslexia. Participants were shown a 
sentence and two images side-by-side on a computer screen, and they were asked to select 
the image that corresponded to the sentence. Wiseheart et al. [50] showed that dyslexic 
readers had poorer comprehension accuracy compared to the control group. Controls 
were 93% accurate on subject relatives and 97% on object relatives, while dyslexics were 
84% accurate on subject relatives and 84% accurate on object relatives. Note that the pat-
tern for the object relatives in controls was in the opposite direction of what is most com-
monly reported in the psycholinguistics literature. Wiseheart et al. [50] argued that dys-
lexics showed poorer comprehension accuracy compared to controls, as subject and object 
relatives place high demands on working memory and the individuals with dyslexia, in 
their sample, had lower working memory than did controls. This was further confirmed 
in an analysis in which working memory was covaried, as the effect of group was no 
longer significant. A key missing component in the Wiseheart et  al. study was online-
processing measures. Thus, we do not know whether/where dyslexic participants experi-
enced online-processing difficulty, in addition to the offline comprehension impairments.  
1.3. Current Study 
As mentioned in the opening paragraph, the main goals of the current study are (1) 
to investigate whether individuals with dyslexia have difficulty processing and compre-
hending subject and object relatives, and (2) to contribute to theoretical debates concern-
ing both the source of processing difficulty associated with object relatives, and also, the 
location of processing difficulty. To investigate these goals, we monitored eye movements 
as participants read subject and object relatives, and we administered additional tasks to 
determine how individual differences in working memory [14] and verbal intelligence 
[41,51] were related to both online processing and offline comprehension. 
Analyses focused on whether there were differences in the eye movement measures 
between participants with dyslexia and controls, and whether there were effects of verbal 
intelligence and working memory on comprehension and reading times. We expected 
participants with dyslexia to show poorer comprehension compared to controls, as well 
as to show differential eye movement patterns. More specifically, we expected to see 
longer reading times, more regressions and longer regression path durations in dyslexic 
participants in the key regions of the relative clause. Regarding the theoretical psycholin-
guistic debate, Gibson’s [9] SPLT predicts difficulty at the verb in an object relative, as 
there is a ‘storage cost’ that slows processing while the long-distance dependency is un-
resolved. In contrast, expectation-based theories (e.g., [4,8]) predict difficulty at the rela-
tive noun. Thus, we focused our eye movement analyses on the relative verb and relative 
noun in the relative clause [3]. If we find more processing difficulty at either the noun or 
the verb, then this would provide support for the theory that predicts difficulty at each 
location. Moreover, because we assessed individual differences in verbal intelligence and 
working memory, we were in a position to provide additional confirmatory evidence to 
support the underlying factors responsible for the processing difficulty associated with 
object relatives. 
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2. Materials and Methods 
2.1. Participants 
Fifty adults with dyslexia were recruited via advertisements and 50 undergraduate 
psychology students were tested as control participants (Information about statistical 
power is provided in the Supplementary Materials.) Psychology students were recruited 
through the participant pool and received course credit. Dyslexic students were primarily 
recruited through disability liaison officers in different departments, as a function of being 
on the disability register at the university. Both groups were recruited from the campus 
of the University of East Anglia. All participants with dyslexia verified that they had a 
prior diagnostic assessment for dyslexia (by an educational psychologist or dyslexia spe-
cialist), prior to study enrolment. All were native speakers of British English with normal 
or corrected-to-normal vision. Dyslexics were reimbursed with £16 for their time. Demo-
graphic information about the two groups is provided in Table 2, as are the means for the 
individual differences variables. Table 3 shows the correlations between the demographic 
variables, the individual differences variables, and comprehension accuracy for subject 
and object relatives. 
Table 2. Means and standard deviations for demographic variables, the Rapid Automatised Nam-
ing task and the individual differences variables. 
 Controls (n = 
50) 
Dyslexia (n = 
50) 
t-Value 
Variable  Mean (SD) Mean (SD)  
Age (years) 20.31 (1.22) 21.7 (2.67) t(98) = 3.34 *** 
Gender (% male) 8 34 t(98) = 3.33 ***  
Handedness (% left) 12 10 t(98) = −0.317 
RAN Letters (seconds) 12.46 (2.59) 16.50 (6.20) t(98) = 4.25 *** 
RAN Numbers (seconds) 11.44 (2.43) 15.26 (5.29) t(98) = 4.64 *** 
Similarities 93.5 (8.65) 98.8 (11.76) t(98) =−2.57 * 
Vocabulary 99.9 (9.18) 101.3 (9.02) t(98) = −0.77 
Comprehension 93.5 (10.70) 94.3 (9.31) t(98) =0.40 
Verbal Skills (latent) 0.152 (0.98) 0.152 (1.00) t(98) = −1.53 
Rotation Span 17.7 (7.23) 16.9 (8.04) t(98) = 0.51 
Note. * p < 0.05, ** p < 0.01, *** p < 0.001. 
Table 3. Correlations between demographics, individual difference variables and comprehension. 
 1 2 3 4 5 6 7 8 9 
1. Age - 0.35 ** 0.32 ** −0.18 −0.17 0.16 0.04 0.1 0.13 
2. Gender  - 0.32 ** −0.24* −0.19 0.13 0.30 ** 0.11 0.1 
3. Dyslexia 
Status 
  - 0.42 ** 0.40 ** −0.05 0.15 0.05 −0.07 
4. RAN 
Numbers 
   - 0.92 ** 0.40 ** −0.05 −0.18 −0.11 
5. RAN Let-
ters 
    - 0.31 ** −0.07 −0.16 −0.05 
6. Rotation 
Span 
     - −0.04 0.17 0.18 
7. Verbal 
Intelligence 
      - 0.30 ** 0.04 
8. Object 
Relative 
       - 0.20 * 




        - 
Note. * p < 0.05, ** p < 0.01. Gender coded 0 = female and 1 = male. Dyslexia coded 1 = dyslexic and 
0 = control. 
2.2. Standardised Measures 
Rapid automatised naming. All participants completed both a letter and a number RAN 
test [52] using the Comprehensive Test Of Phonological Processing (CTOPP 2). The RAN 
task requires participants to name a series of letters or numbers sequentially out loud as 
quickly and accurately as possible. The time taken to complete an array was recorded with 
a stopwatch. Participants completed one letter array for practice, and two served as the 
critical trials (i.e., one letter array and one number array). The score for each task was the 
total time that was needed to complete the task, with higher scores indicating worse per-
formance. Each array consisted of four rows of nine items. Letters and numbers were pre-
sented in Arial font, and all items appeared on the same side of a white sheet of A4 paper. 
The standardised procedures of administration for this task were followed as described 
in the test manual. Independent samples t-tests revealed significantly longer naming 
times for the dyslexic group on both the letter and number array (see Table 2). The relia-
bility of the CTOPP-2 subtests was demonstrated by average internal consistency that ex-
ceeds 0.80 [53]. 
2.3. Working Memory  
A rotation span task was used as a measure of working memory, as it has been shown 
to assess both processing and storage functions [54,55]. Participants were required to look 
at a rotated letter and then verify whether the letter is facing in the correct direction or not 
(mirrored). After each letter, participants were presented with an isolated arrow which 
was either long or short and could be facing eight different directions (0°–360°). The posi-
tion and length of the arrows presented needed to be recalled at the end of the set. The 
task consisted of 15 trials (six each of list length 2 and three each of list lengths 3–5) and 
in total 48 arrow-storage pairs [55]. The rotation span task was developed by Engle’s 
Working Memory Laboratory, and reported reliability ranging between 0.67 and 0.77 for 
the rotation span [56]. 
2.4. Verbal Intelligence  
Verbal intelligence was measured by the following subtests of the fourth edition of 
the Wechsler Adult Intelligence Scale (WAIS-IV) [57]: vocabulary, comprehension and 
similarities. In the comprehension task, participants were required to respond to ques-
tions about general concepts (e.g., reasons to protect endangered species). Vocabulary re-
quires participants to provide the definitions of words and measures the degree to which 
one has learned and is able to express meanings verbally. Similarities require participants 
to describe how two words are similar, with the more difficult items typically describing 
the opposite ends of a ‘unifying continuum’. The similarities subtest measures abstract 
verbal reasoning [39]. For all subtests, higher values correspond to higher verbal intelli-
gence and the score for each of these tasks was the total number of items that the partici-
pants could identify accurately. The standardised procedures of administration for these 
subtests were followed as described in the test manual. With respect to the reliability of 
the WAIS-IV, the manual reports average internal reliability coefficients for subtests that 
range from 0.78 to 0.94 [40]. 
2.5. Sentence Processing 
To investigate subject and object relatives, we used 20 sentences based on the items 
in Traxler et al. [3]. Each participant read ten sentences containing object-relative clauses 
and ten containing subject-relative clauses. Items were rotated in a Latin Square Design. 
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All 20 critical items were rotated across two counterbalance lists, with object relatives 
changing to subject relatives and vice versa (see Table 1). Ten sentences with relative 
clauses required a ‘yes’ response and ten required a ‘no’ response. All questions for sen-
tences with relative clauses rotated across four counterbalance lists, with changing accord-
ingly to require a ‘yes’ or ‘no’ response and vice versa for each version of every item. 
Participants also read 120 filler sentences. All filler sentences were grammatically 
correct. They consisted of five sets of 16 sentences. The first set was subordinate-main 
structures in which the subordinate clause was transitive. The second set was the main-
subordinate sentences. The third set was transitive sentences containing a relative clause 
at the end of the sentence. The fourth set was the transitive sentences that contained an 
embedded relative clause that modified the subject noun phrase. The fifth set was the 
coordination structures, in which two transitive sentences were conjoined with ‘and’. Half 
of these had a comma between ‘and’ and the preceding word and half did not. In addition, 
there were also 20 active and passive sentences. Half of these were implausible, and half 
were plausible. There were also 20 sentences containing a subject or object relative clause 
following the main clause. Therefore, each participant read 140 sentences in total. Fifty-
eight filler questions required a ‘yes’ response and 62 required a ‘no’ response. 
2.6. Apparatus 
Eye movements were recorded with an SR Research Ltd. EyeLink 1000 eye-tracker 
which records the position of the reader’s eye every millisecond. Head movements were 
minimised with a chin rest. Viewing distance was 70 cm from eyes to a 45-cm computer 
monitor, and at this distance, 1.0° of visual angle subtended 1.22 cm. This apparatus al-
lows recording of eye movements through a camera with an infrared tracking system. Eye 
movements were recorded from the right eye. The sentences were presented in 12 pt. Arial 
black font on a white background. 
2.7. Design and Procedure 
For the sentence processing task, the design was a 2 × 2 (Type × Group) mixed design, 
in which ‘type’ was within subjects, and ‘group’ was between subjects. Participants com-
pleted three practice trials, 20 experimental trials and 120 fillers. Trials were presented in 
a random order for each participant. 
Participants were provided with a set of instructions that detailed the experimental 
procedure. They were then seated at the eye tracker and asked to respond to on-screen 
instructions using the keyboard. At the beginning of each trial, a message appeared asking 
the participant to press a button when they were ready to continue. After the participant 
pressed the button, they were required to fixate a drift-correction dot. The experimenter 
then initiated the trial. The sentence appeared after 500 ms, and the initial letter of each 
sentence was in the same position, in terms of x and y coordinates, as the drift correction 
dot (i.e., on the left edge of the monitor and centred vertically). 
The entire sentence was presented on a single line on the screen. The participant read 
the sentence silently and then pressed the spacebar on the keyboard. Following a delay of 
500 ms, an arithmetic problem (either addition or subtraction) appeared on the screen 
(e.g., 45 + 67 = 112). The problem was presented for 3000 ms and was followed by a screen 
prompting the participant to press the green button on the keyboard if the solution was 
correct, or the red button if it was incorrect. After participants read the sentence, they were 
asked a comprehension question, such as ‘Did the hiker pass the fisherman?’. For the re-
liability of the sentence processing task, we computed split-half reliabilities. Because there 
were ten items in each of the within-subject conditions, we used Spearman–Brown proph-
ecy formula-corrected coefficients [59,60]. The mean reliability was α = 0.34. 
The purpose of the additional arithmetic problem was to assess the representation 
that comprehenders generated of the sentences, without allowing them to have direct ac-
cess to the sentence. We expected that the presence of the mathematical problem would 
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clear the immediate contents of working memory, therefore resulting in the participants 
responding to the comprehension questions on the basis of a more long-term representa-
tion/trace of the sentence. 
The testing session for each participant lasted approximately 2 h, with several breaks 
included between tasks to avoid fatigue. The tests were delivered in the following order 
for each participant: vocabulary, rotation span, comprehension, sentence processing, 
RAN digits, RAN letters and similarities. 
2.8. Data Screening and Analysis 
In order to keep the analyses as straightforward as possible we submitted the verbal 
intelligence subtests to a factor analysis (principal components extraction) in which we 
saved the retained factor(s) as variable. The results of the factor analysis showed only one 
factor (eigenvalue = 1.81, accounting for ~60% of the total variance). The factor loadings 
were all significant and relatively uniform (vocabulary = 0.84, comprehension = 0.76 and 
similarities = 0.72). We used this composite (or latent) variable in our analyses examining 
‘individual differences in verbal intelligence’.  
We analysed the comprehension and eye movement data using standard ANOVAs 
with subjects (F1) and items (F2) as random effects (Companion analyses using Linear 
Mixed Effects models are presented in the Supplementary Materials for specialist readers). 
First pass reading time is the sum of all fixations on a word from when a reader first enters 
a region to when they leave that region either forward or backward. Total reading time is 
the sum of all fixations on a word. Regressions out of an interest area are the sum of all 
right-to-left eye movements to previously read word. Regression path duration is the sum 
of all fixations from the time the eyes first enter a region until they move beyond that 
region in a forward direction. We analysed data from two main regions of interest, which 
included the relative clause verb and the relative noun (see Table 1, for examples). We 
first report the comprehension results, and second, the eye movements. To assess verbal 
intelligence and working memory, we conducted two additional ANCOVAs in which 
each variable was co-varied separately. 
3. Results 
3.1. Comprehension Accuracy 
The mean comprehension accuracies are presented in Figure 1, and the results of the 
inferential analyses are presented in Table 4. Results showed a main effect of type, in 
which the subject relatives had higher comprehension than did object relatives. When ver-
bal intelligence was included in the model, it produced a main effect and interacted with 
type. The form of the interaction is shown in Figure 2. As can be seen, verbal intelligence 
was positively related to comprehension of object relatives, such that, individuals with 
lower verbal intelligence showed many more incorrect responses for object relatives. In 
contrast, with subject relatives, there was not much of an effect of verbal intelligence. 
When working memory was included in the model, it produced a significant main effect 
and the main effect of type remained significant (although the effect size was approxi-
mately four times smaller). This pattern of results suggests overlapping variance between 
individual differences in working memory and comprehension. That is, when variance in 
working memory was removed, then the difference in comprehension between subject 
and object relatives was substantially reduced. To ensure the direction and the strength of 
the relationship between working memory and comprehension, we ran the correlations 
between working memory and subject relatives, and between working memory and object 
relatives. In both cases, the relationship was positive, and for the subject relatives, the 
correlation was significant (r = 0.20, p < 0.05). For object relatives, the correlation was sim-
ilar (r = 0.17, p = 0.098) but not significant. In the comprehension, there was no effect of 
group (i.e., control vs. dyslexia), which suggests that the individuals with dyslexia are not 
worse at comprehending these particular types of sentences (cf. [50]).  
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Figure 1. Mean comprehension accuracy. Error bars show the standard error of the mean. 
Table 4. Inferential results for comprehension accuracy. 
2 × 2 (Type × Group)  
Type F(1,98) = 29.69, p < 0.001, ηp2 = 0.23 
Group F(1,98) = 0.002, p = 0.97 
Type × Group F(1,98) = 0.78, p = 0.38 
ANCOVA—with Verbal IQ  
Type F(1,97) = 31.16, p < 0.001, ηp2 = 0.24 
Group F(1,97) = 0.18, p = 0.67 
Verbal IQ F(1,97) = 6.23, p < 0.05, ηp2 = 0.06 
Type × Group F(1,97) =  0.28, p = 0.60 
Type × Verbal IQ F(1,97) = 5.84, p < 0.05, ηp2 = 0.06 
ANCOVA—with WM  
Type F(1,97) = 6.18, p < 0.05, ηp2 = 0.06 
Group F(1,97) =  0.01, p = 0.94 
Working Memory F(1,97) = 4.98, p < 0.05, ηp2 = 0.05 
Type × Group F(1,97) =  0.80, p = 0.37 
Type × Working Memory F(1,97) =  0.12, p = 0.73 
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Figure 2. Sentence ‘Type’ by verbal intelligence interaction. 
3.2. Eye Movements–Relative Verb 
3.2.1. Reading Times 
The means for the eye movement measures are presented in Table 5, and the results 
of the inferential analyses are presented in Table 6. Results showed a largely consistent 
pattern for both first pass reading times and total reading times. There were main effects 
of type and group, in which object relatives had higher reading times than did subject 
relatives, and likewise, individuals with dyslexia had higher reading times than did con-
trols. The mean difference between subject and object relatives was 38 msec on first pass 
and 141 msec on total reading time. For group, the mean difference between controls and 
dyslexics was 44 msec on first pass reading times and 291 msec on total reading times. 
When verbal intelligence was included, the same pattern of results emerged, and verbal 
intelligence was not significant and did not interact with sentence type. When working 
memory was included in the model, the main effect of type remained significant only for 
the total reading times and the main effect of group remained unchanged in both 
measures. What this pattern tells us, similar to comprehension accuracy, is that when var-
iance in working memory is removed, the processing difficulty between subject and object 
relatives disappeared for first pass reading times (i.e., there is overlapping variance be-
tween reading times and individual differences in working memory). 
Table 5. Mean reading times clause by group and experimental condition-relative verb. 
First Pass RT Total RT Reg. Out Reg. Path  
 M SD M SD SD SD M SD 
Relative Verb         
Controls         
OR centre 320.5 73.5 867.2 299.1 0.24 0.18 597.9 310.3 
SR centre 291.9 61.1 703.8 262.9 0.26 0.16 504.4 195.5 
Dyslexics         
OR centre 374.6 110.1 1134.9 492.5 0.28 0.14 762.5 340.2 
SR centre 326.5 95.3 1015.6 465.9 0.32 0.16 696.8 311 
Relative 
Noun 
        
Controls         
OR centre 257.2 49.4 655.5 281.6 0.23 0.16 474.1 182.6 
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SR centre 280.9 75.5 524.2 165.1 0.17 0.17 445.8 221.7 
Dyslexics         
OR centre 255 67.3 820.6 460.6 0.28 0.17 668.2 361.7 
SR centre 300.1 82.3 760.9 341.6 0.21 0.13 593.6 307.7 
3.2.2. Regressions 
For regressions out of the relative verb, there were no significant effects. Across all 
trials, we observed that there were approximately one-in-four to one-in-three trials with 
a regression. For regression path durations, results showed that both the main effect of 
type and group were significant and remained significant with the inclusion of both co-
variates. Object relatives had approximately 79 msec longer regression paths than did 
subject relatives, and dyslexics had approximately 179 msec longer regression paths than 
did controls.  
We also observed a main effect of verbal intelligence, and the pattern was such that 
individuals with higher verbal intelligence had shorter regression path durations. The 
correlation between object relatives and verbal intelligence was marginally significant (r 
= 0.19, p = 0.06) and for subject relatives it was not significant (r = 0.11, p = 0.26).
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Table 6. Mixed ANCOVA analysis for eye movement measures for the relative verb. 
 First Pass RT Total RT Reg. Out Reg. Path  
2 × 2 (Type × Group)    
Type F(1,98) = 15.10, p < 0.001, (0.13) a F(1,98) = 19.18, p < 0.001, (0.16) a F(1,98) = 2.16, p = 0.15 F(1,98) = 7.45, p < 0.01, (0.07) a 
Group F(1,98) = 9.56, p < 0.01, (0.09) a F(1,98) = 16.33, p < 0.001, (0.14) a F(1,98) = 3.26, p = 0.07 F(1,98) = 12.16, p < 0.01, (0.11) a 
Type × Group F(1,98) = 0.97, p = 0.33 F(1,98) = 0.47, p = 0.50 F(1,98) = 0.61, p = 0.44 F(1,98) = 0.23, p = 0.64 
ANCOVA—with Verbal IQ    
Type F(1,97) = 15.08, p < 0.001, (0.14) a F(1,97) = 18.98, p < 0.001, (0.16) a F(1,97) = 2.15, p = 0.15 F(1,97) = 7.45, p < 0.01, (0.07) a 
Group F(1,97) = 9.98, p < 0.01, (0.09) a F(1,97) = 16.03, p < 0.001, (0.14) a F(1,97) = 3.49, p = 0.07 F(1,97) = 15.28, p < 0.001, (0.14) a 
Verbal IQ F(1,97) = 0.53, p = 0.47 F(1,97) = 0.04, p = 0.85 F(1,97) = 0.34, p = 0.56 F(1,97) = 6.04, p < 0.05, (0.06) 
Type × Group F(1,97) = 0.69, p = 0.41 F(1,97) = 0.42, p = 0.52 F(1,97) = 0.39, p = 0.54 F(1,97) = 1.00, p = 0.76 
Type × Verbal IQ F(1,97) = 0.89, p = 0.35 F(1,97) = 0.02, p = 0.88 F(1,97) = 0.92, p = 0.34 F(1,97) = 1.07, p = 0.31 
ANCOVA—with WM    
Type F(1,97) = 3.08, p = 0.08 F(1,97) = 6.01, p < 0.05, (0.06) a F(1,97) = 0.07, p = 0.79 F(1,97) = 8.07, p < 0.01, (0.08) 
Group F(1,97) = 9.20, p < 0.01, (0.09) F(1,97) = 16.04, p < 0.001, (0.14) a F(1,97) = 3.23, p = 0.07 F(1,97) = 11.76, p < 0.01, (0.11) 
Working Memory F(1,97) = 1.42, p = 0.24 F(1,97) = 0.06, p = 0.81 F(1,97) = 0.00, p = 0.97 F(1,97) = 1.28, p = 0.26 
Type × Group F(1,97) = 0.94, p = 0.34 F(1,97) = 0.52, p = 0.47 F(1,97) = 0.68, p = 0.41 F(1,97) = 0.34, p = 0.56 
Type × Working Memory  F(1,97) = 0.05, p = 0.82 F(1,97) = 0.59, p = 0.45 F(1,97) = 0.88, p = 0.35 F(1,97) = 3.58, p = 0.06 
Note. Effect sizes ηp2 are reported in parentheses. a indicates significant in F2 item analysis (see Supplementary Materials, Table A). 
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3.3. Eye Movements–Relative Noun 
3.3.1. Reading Times 
The means for the eye movement measures are presented in Table 5 and the results 
of the inferential analyses are presented in Table 7. Results showed some similarities to 
the patterns that were observed at the relative verb, this is especially true of the total read-
ing times, which were identical. In contrast, in first pass reading time, there was no sig-
nificant effect of group, but there was a consistent group effect on total reading times. 
Participants with dyslexia had approximately 200 msec longer total reading times than 
did controls, and this effect remained significant with the inclusion of both verbal intelli-
gence and working memory. Similar to the results at the relative verb, the main effect of 
type was not significant when working memory was included in the model, again sug-
gesting some overlapping variance between individual differences in working memory 
and the difficulty incurred in processing object relatives compared to subject relatives. 
3.3.2. Regressions 
For regressions out of the relative noun, there was only a significant effect of type, 
regressions were more frequent from object relatives compared to subject relatives. This 
effect held when verbal intelligence was included in the model but not working memory. 
Across all trials, we observed slightly fewer regressions from the relative noun. In this 
case, there were approximately one-in-five to one-in-four trials with a regression. The pat-
tern of results in regression path durations was similar to total reading times at the relative 
noun and first pass and total reading times at the relative verb. There were significant 
main effects of type and group. Group was robust to the inclusion of both covariates and 
the same was the case for the main effect of type. 
3.3.3. Relationship between Online and Offline Measures 
The correlations between eye movements, individual difference measures and com-
prehension are presented in Table 8. They revealed only one significant correlation be-
tween eye movements and comprehension. The total reading time on the relative verb (in 
subject relative sentences) correlated with comprehension accuracy. For object relatives 
there were no significant correlations, and in fact, there were two that were in the opposite 
direction of what would be expected by more processing effect resulting in better com-
prehension. Those two negative correlations occurred at the relative noun for regressions 
out (0.13) and regression path duration (0.16). We think these two results partially support 
the speculations made by Staub about regressions being linked with parsing integration 
failures, and recall that Staub did find increased regressions from the relative noun. There-
fore, there are trends in our data that partially support speculations about regressions and 
parsing failures. The other important points from our correlational data are (1) that dys-
lexia is strongly related to eye movement behaviour and the direction of that relationship 
is for individuals with dyslexia to show elevated reading times, and (2) individual differ-
ences in verbal intelligence and working memory are most strongly related to regression 
path durations in object relatives.
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Table 7. Mixed ANCOVA analysis for eye movement measures for the relative noun. 
 First Pass RT Total RT Reg. Out Reg. Path  
2 × 2 (Type × Group)    
Type F(1,98) = 24.57, p < 0.001, (0.20) a F(1,98) = 13.30, p < 0.001, (0.12) a  F(1,98) = 9.81, p < 0.01, (0.09) a F(1,98) = 4.08, p < 0.05, (0.04) 
Group F(1,98) = 0.50, p = 0.48 F(1,98) = 10.70, p < 0.01, (0.10) a  F(1,98) = 2.59, p = 0.11 F(1,98) = 12.03, p < 0.01, (0.11)a 
Type × Group F(1,98) = 2.38, p = 0.13 F(1,98) = 1.87, p = 0.18 F(1,98) = 0.02, p = 0.90 F(1,98) = 0.83, p = 0.37 
ANCOVA—with Verbal IQ    
Type F(1,97) = 24.53, p < 0.001, (0.20) a F(1,97) = 13.24, p < 0.001, (0.12) a  F(1,98) = 9.81, p < 0.01, (0.09) a  F(1,97) = 4.05, p < 0.05, (0.04) 
Group F(1,97) = 0.55, p = 0.46 F(1,97) = 10.45, p < 0.01, (0.10) F(1,97) = 2.67, p = 0.11 F(1,97) = 13.74, p < 0.001, (0.12)a 
Verbal IQ F(1,97) = 0.09, p = 0.77 F(1,97) = 0.01, p = 0.91 F(1,97) = 0.12, p = 0.74 F(1,97) = 2.67, p = 0.11 
Type × Group F(1,97) = 1.91, p = 0.17 F(1,97) = 1.52, p = 0.22 F(1,97) = 0.00, p = 0.99 F(1,97) = 0.65, p = 0.42 
Type × Verbal IQ F(1,97) = 0.87, p = 0.35 F(1,97) = 0.58, p = 0.46 F(1,97) = 0.95, p = 0.33  
ANCOVA—with WM    
Type F(1,97) = 7.18, p < 0.01, (0.07) a F(1,97) = 4.37, p < 0.05, (0.04)a  F(1,97) = 6.41, p < 0.05, (0.06) F(1,97) = 4.04, p < 0.05, (0.04) 
Group F(1,97) = 0.42, p = 0.52 F(1,97) = 10.42, p < 0.01, (0.10)a F(1,97) = 2.43, p = 0.12 F(1,97) = 11.64, p < 0.01, (0.11) 
Working Memory F(1,97) = 1.14, p = 0.29 F(1,97) = 0.25, p = 0.62 F(1,97) = 0.87, p = 0.35 F(1,97) = 3.42, p = 0.07 
Type × Group F(1,97) = 2.25, p = 0.14 F(1,97) = 1.95, p = 0.17 F(1,97) = 0.00, p = 0.95 F(1,97) = 0.71, p = 0.40 
Type × Working Memory F(1,97) = 0.58, p = 0.45 F(1,97) = 0.48, p = 0.49 F(1,97) = 1.93, p = 0.17 F(1,97) = 1.71, p = 0.19 
Note. Effect sizes ηp2 are reported in parentheses. a indicates significant in F2 item analysis (see Supplementary Materials, Table B).
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Table 8. Bivariate correlations between individual differences variables, comprehension and eye movement measures . 
 Object Relative   Subject Relative     
 First Pass Total RT Reg. Out  Reg. Path First Pass Total RT Reg. Out Reg. Path 
Relative Verb         
Dysle×ia Status 0.28 ** 0.32 ** 0.11 0.25 * 0.21 * 0.38 ** 0.19 0.35 ** 
Verbal Intelligence 0.04 0.03 −0.09 −0.19 −0.09 0.05 0.04 −0.11 
Working Memory −0.11 −0.07 −0.06 −0.18 −0.1 −0.01 0.05 −0.02 
Comp. Object 0.14 0.09 0.02 0.01     
Comp. Subject     −0.07 0.23 * 0.11 0.01 
Relative Noun         
Dysle×ia Status −0.02 0.21 * 0.13 0.32 ** 0.120 0.40 ** 0.13 0.027 ** 
Verbal Intelligence −0.09 0 0.05 −0.06 0.04 0.08 −0.07 −0.13 
Working Memory −0.06 −0.07 −0.16 0.22 * −0.12 −0.04 0.01 −0.12 
Comp. Object −0.05 0.06 −0.13 −0.16     
Comp. Subject     0.07 0.16 0.14 0.11 
Note. * p < 0.05, ** p < 0.01. 
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4. Discussion 
In this study, we examined how dyslexic and non-dyslexic adults comprehend and 
process sentences with complex syntax, and specifically, sentences that contain subject- 
and object-relative clauses. We were interested in whether individuals with dyslexia show 
deficits in comprehension and how their eye movement behaviour differed from control 
participants. We also explored the impact of two individual differences variables (i.e. , 
working memory and verbal intelligence) as potential key individual difference variables 
in the processing of subject- and object-relative clauses. A second goal of the study was to 
contribute to theoretical debates on both the location and cause of processing difficulty 
associated with object relatives. Here the choice of dyslexia was key, as individuals with 
dyslexia often have lower working memory, and in one recent study, were reported to 
have deficits in linguistic prediction [16]. Thus, individuals with dyslexia are assumed to 
have deficits in the two ‘sources’ of processing difficulty proposed by the competing psy-
cholinguistic theories (e.g., [4 vs. 9]). In this case, the goal was to use a clinical population 
to inform theoretical debate.  
4.1. Processing Relative Clauses in Dyslexia  
To summarise our main findings with respect to dyslexia, we found that individuals 
with dyslexia had similar comprehension accuracy compared to controls. Despite the fact 
that dyslexics showed similar comprehension to controls, they spent significantly longer 
reading the sentences. More specifically, our results with respect to eye movements 
showed that the dyslexics showed longer first pass reading times, longer total reading 
times and longer regression path durations. These findings occurred for both regions of 
interest, except that the group difference in first pass reading times was not significant at 
the relative noun. In addition, there were no significant group effects in terms of regres-
sions out of the regions of interest, and group did not interact with any of the other vari-
ables (i.e., type, verbal intelligence, or working memory). The lack of interactions is con-
sistent with most of the other studies from our lab. In short, we tend to observe a robust 
main effect of group and no interaction(s). This suggests that dyslexia does not result in 
over- or under-additive effects on various psycholinguistic manipulations. In the current 
study, individuals with dyslexia spent longer in reading than did controls, and ultimately, 
achieved very similar performance in terms of comprehension accuracy. Finally, in this 
study, neither of the individual difference variables were related to the group effect (i.e., 
dyslexia appeared to have an effect on the time spent in reading, independent of the indi-
vidual differences in verbal intelligence and working memory). 
In the field of psycholinguistics, the vast majority of research on the processing of 
subject- and object-relative clauses has been conducted on typically developed samples 
(e.g., [9,45,61]). In the Introduction, we reviewed the results from a similar paper that ex-
amined the comprehension of subject and object relatives in dyslexia (i.e., [50]). Our re-
sults were inconsistent with that study in two main ways. The first is that we did not find 
differences in terms of comprehension, and the second is that in Wiseheart et al. dyslexia 
status and working memory shared more variance (i.e., covarying working memory elim-
inated the group effect on comprehension). There are several differences between the two 
studies that may account for the discrepancies. The most important difference is the ex-
perimental paradigm. Wiseheart et al. used a picture-sentence verification task in which 
two pictures were on the screen with the sentence. In short, in Wiseheart et al. [50], the 
comprehension decision was made when the sentence was still visible. In contrast, in our 
paradigm there was an intervening maths problem and participants were answering very 
specific comprehension questions regarding thematic roles and the association of specific 
nouns with specific verbs. As a result of the increased difficulty of our task, overall com-
prehension accuracy was approximately 15% lower in the current study. 
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Another difference concerns the sample. In our study participants were all university 
students, and in Wiseheart et al.’s participants were younger and had significantly lower 
working memory scores. The age discrepancy is important because our participants may 
have more exposure to complex syntax given their enrolment in higher education. Due to 
the multiple differences, it is very difficult to make concrete conclusions about compre-
hension deficits in subject and object relatives. What our results do clearly show is signif-
icant differences in online processing (i.e., dyslexics required more processing time to 
achieve a similar comprehension level). Careful consideration of the participant sample 
and the experimental paradigm will be important in future studies. 
4.2. Eye Movements in Relative Clause Region 
Recall that Staub [44] reported a dissociation in the eye movements occurring in the 
relative noun and relative verb. More specifically, he found an increase in the number of 
regressive eye movements but no increase in first pass reading times at the noun, and 
elevated first pass reading times but not an increase in the number of regressive eye move-
ments at the verb [12,44]. On the basis of this dissociation, Staub concluded that both the-
oretical accounts (i.e., memory-based vs. expectation-based) were partially correct and 
both contribute to the processing of relative clauses (e.g., [1,8,11,13,62,63]). Moreover, 
Staub speculated that the dissociation in eye movement patterns may reflect different un-
derlying processing effects. An increase in fixation durations reflects processing difficulty 
that eventually succeeds, and an increase in regressions reflects processing difficulty that 
has failed [3,46,47]. 
Comparing Staub’s findings to ours, reveals some striking similarities, but also some 
differences. We begin with the similarities. At the relative verb, we found effects of type 
on all three fixation ‘duration’ measures (i.e., first pass reading time, total reading time, 
and regression path duration), and there were no significant effects on regressions out of 
the relative verb. Related to fixation durations, all of the measures showed a clear pattern 
suggesting that processing difficulty was more affected by individual differences in work-
ing memory. When working memory was included in the model, the effect sizes of type 
were substantially reduced, especially for first pass and total reading times. In contrast, 
when verbal intelligence was included the effect sizes remained unchanged. The differ-
ences between our study and Staub primarily occurred on the relative noun region. How-
ever, the results at the relative noun did show some similarities to Staub. Recall that pro-
cessing difficulty was predicted at the relative noun to be due to experience-based factors 
and surprisal (i.e., that object relatives are more infrequent than subject relatives and thus, 
less expected in terms of parsing expectations/predictions) [44]. We found an increased 
number of regressions from the relative noun (consistent with Staub), but also elevated 
fixation durations for all three duration-based measures (inconsistent with Staub). 
The key finding of our study concerning processing difficulty at the relative noun, 
which is particularly difficult to reconcile with Staub’s study is that for first pass reading 
times and total reading times the effect size of type was, again, substantially reduced with 
the inclusion of working memory in the model. For these two dependent measures, the 
effect size was reduced by two-thirds once individual differences in working memory 
were controlled. Thus, in our data, processing difficulty at the noun also seemed to be 
linked to individual differences in working memory. Several other points are worth men-
tioning. The first is that like Staub, we observed increased first pass reading time on the 
relative noun in subject relatives, which was in the opposite directions to all other findings 
with respect to eye movement measures (i.e., the subject relatives had higher reading 
times than did object relatives on the relative noun). The second is that the proportion of 
trials with a regression at the relative noun in the current study was much lower. Staub 
[44] reported 0.40 in object relatives and 0.16 in subject relatives. In contrast, we found 
0.23 in object relatives and 0.17 in subject relatives (for our controls). Individuals with 
dyslexia, in the current study, were slightly higher for both. Therefore, we did not observe 
nearly as high a rate of regressions from the relative noun, despite the difference being 
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statistically significant. The third point is that we observed much longer regression path 
durations, for controls and especially for individuals with dyslexia. 
In general, we feel that the most important take home message from the current 
study, with respect to eye movements and the comparisons to Staub [44], is that pro-
cessing difficulty was more related to individual differences in working memory. Moreo-
ver, individuals with dyslexia showed even longer reading times compared to controls, 
and those differences were not accounted for by individual differences in working 
memory or verbal intelligence. Thus, on the basis of our findings, we believe that much 
more of the processing difficulty incurred with object relatives is due to memory-based 
processes, and in particular holding the extracted constituent in memory rather than re-
trieving the constituent at the moment the relative verb in encountered. 
4.3. Limitations and Future Directions 
One of the main strengths of this study is the fact that we assessed the performance 
of a large number of participants on a variety of different tasks. However, because our 
sample of dyslexics was recruited through a university, they were quite high functioning. 
This is potentially problematic because often individuals with dyslexia do not go on to 
higher education. It remains to future work to determine if a sample of community-re-
cruited dyslexics achieves similar performance in terms of comprehension accuracy and 
individual differences. Furthermore, our sample of dyslexics was potentially atypical, so 
far as they had similar working memory and verbal intelligence as the controls. To assess 
working memory, we used a rotation span task, which did not include any literacy or 
reading components in order to avoid any additional difficulties for participants with dys-
lexia. However, we only had a single measure. In future, we would recommend using 
multiple measures of working memory, and also, including some that have linguistic com-
ponent (e.g., reading span). Future work should also investigate the processing of subject 
and object relatives using some of the manipulations that have been investigated in the 
psycholinguistic literature (e.g., animate and inanimate nouns), which would allow future 
studies to examine how semantic issues affect dyslexic readers’ comprehension of relative 
clause sentences [45]. We would also recommend for future research to include standard-
ised reading, spelling or phonological awareness assessments as additional measures of 
participants’ dyslexia diagnosis. Moreover, we suggest that dyslexia should be examined 
across the lifespan, which calls for further research on children and adolescents in order 
to investigate the processing of sentences prior to adulthood, as well as during the critical 
period of reading acquisition. 
5. Conclusions 
This study aimed first to investigate processing and comprehension of sentences that 
contain relative clauses in individuals with dyslexia. We found three main findings with 
respect to this aim: individuals with dyslexia (1) achieved similar performance in terms of 
comprehension accuracy, (2) showed significantly longer reading times and (3) the effect 
of dyslexia was robust even when individual differences in verbal intelligence and work-
ing memory were controlled. The second main aim of the study was to contribute to the 
psycholinguistic debate concerning where and why processing difficulty occurs in object 
relatives as compared to subject relatives, and this aim focused exclusively on the eye 
movement results. Here our data were very clearly linked to individual differences in 
working memory, such that when variance in working memory was removed the differ-
ences between subject and object relatives was no longer significant. Moreover, working 
memory also accounted for the subject–object difference even at the relative noun, which 
refutes prior claims about processing difficulty at this word being linked to violations of 
expectations. Thus, overall, our eye movement and individual differences analysis sup-
ports theories of processing difficulty that assume difficulty is linked with memory-based 
processing (e.g., [ 9]) rather than surprisal [4,5].  
Brain Sci. 2021, 11, x FOR PEER REVIEW 19 of 22 
 
Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure S1: 
title, Table S1: title, Video S1: title. 
Author Contributions: Conceptualisation, M.S.; data curation, M.S.; formal analysis, M.S.; investi-
gation, M.S.; methodology, M.S.; writing—original draft, M.S., supervision, P.E.E.; writing—review 
and editing, P.E.E. All authors have read and agreed to the published version of the manuscript. 
Funding:  
Institutional Review Board Statement: The use of human subjects in this study was approved by 
the Psychology Research Ethics Committee of University of East Anglia (14–15 15 June 2014) and 
conformed to the ethical standards outlined by the British Psychological Association. 
Informed Consent Statement: Informed consent was obtained from all participants involved in the 
study. 
Data Availability Statement:  
Conflicts of Interest: The authors have no conflicts of interest to declare. 
  
Brain Sci. 2021, 11, x FOR PEER REVIEW 20 of 22 
 
References 
1. Gordon, P.C.; Hendrick, R.; Johnson, M. Memory Interference during Language Processing. J. Exp. Psychol. Learn. 
Mem. Cogn. 2001, 27, 1411–1423, doi:10.1037/0278-7393.27.6.1411. 
2. King, J.; Just, M.A. Individual differences in syntactic processing: The role of working memory. J. Mem. Lang. 1991, 
30, 580–602. 
3. Traxler, M.J.; Morris, R.K.; Seely, R.E. Processing subject and object relative clauses: Evidence from eye movements. 
J. Mem. Lang. 2002, 47, 69–90, doi:10.1006/jmla.2001.283. 
4. Hale, J. A probabilistic early parser as a psycholinguistic model. In Proceedings of the second meeting of the North 
American Chapter of the Association for Computational Linguistics on Language technologies, Pittsburgh PA, 
USA, 1–7 June 2001; pp. 1–8, doi:10.3115/1073336.1073357. 
5. Levy, R. Expectation-based syntactic comprehension. Cognition 2008, 106, 1126–1177, doi:10.1016/j.cogni-
tion.2007.05.006. 
6. Ferreira, F.; Lowder, M.W. Prediction, Information Structure, and Good-Enough Language Processing. Psychol. 
Learn. Motiv. Adv. Res. Theory 2016, 65, 217–247, doi:10.1016/bs.plm.2016.04.002. 
7. Kuperberg, G.R.; Jaeger, T.F. What do we mean by prediction in language comprehension? Lang. Cogn. Neurosci. 
2016, 31, 32–59, doi:10.1080/23273798.2015.1102299. 
8. Gennari, S.P.; MacDonald, M.C. Semantic indeterminacy in object relative clauses. J. Mem. Lang. 2008, 58, 161–187, 
doi:10.1016/j.jml.2007.07.004. 
9. Gibson, E. Linguistic complexity: Locality of syntactic dependencies. Cognition 1998, 68, 1–76, doi:10.1016/S0010-
027700034-1. 
10. Grodner, D.; Gibson, E. Consequences of the serial nature of linguistic input for sentential complexity. Cogn. Sci. 
2005, 29, 261–290, doi:10.1207/s15516709cog0000_7. 
11. Just, M.A.; Carpenter, P.A. A capacity theory of comprehension: Individual differences in working memory. Psy-
chol. Rev. 1992, 99, 122–149, doi:10.1037/0033-295X.99.1.122. 
12. Lewis, R.L.; Vasishth, S. An activation-based model of sentence processing as skilled memory retrieval. Cogn. Sci. 
2005, 29, 375–419, doi:10.1207/s15516709cog0000_25. 
13. Waters, G.S.; Caplan, D. Processing resource capacity and the comprehension of garden path sentences. Mem. Cogn. 
1996, 24, 342–355, doi:10.3758/BF03213298. 
14. Chiappe, P.; Siegel, L.S.; Hasher, L. Working memory, inhibitory control, and reading disability. Mem. Cogn. 2000, 
28, 8–17, doi:10.3758/BF03211570. 
15. Jeffries, S.; Everatt, J. Working memory: Its role in dyslexia and other specific learning difficulties. Dyslexia 2004, 
10, 196–214, doi:10.1002/dys.278. 
16. Huettig, F.; Brouwer, S. Delayed anticipatory spoken language processing in adults with dyslexia—Evidence from 
eye-tracking. Dyslexia 2015, 21, 97–122, doi:10.1002/dys.1497. 
17. Fletcher, J.M. Dyslexia: The evolution of a scientific concept. J. Int. Neuropsychol. Soc. 2009, 15, 501–508, 
doi:10.1017/S1355617709090900. 
18. Lyon, G.R.; Shaywitz, S.E.; Shaywitz, B.A. Defining dyslexia, comorbidity, teachers’ knowledge of language and 
reading: A definition of dyslexia. Ann. Dyslexia 2003, 53, 1–15, doi:10.1007/s11881-003-0001-9. 
19. Reid, G. Dyslexia: A Practitioner's Handbook; John Wiley & Sons: Chichester, UK, 2016. 
20. Bishop, D.V.M.; Snowling, M.J. Developmental dyslexia and specific language impairment: Same or different? Psy-
chol. Bull. 2004, 130, 858–886, doi:10.1037/0033-2909.130.6.858. 
21. Leikin, M.; Assayag-Bouskila, O. Expression of syntactic complexity in sentence comprehension: A comparison 
between dyslexic and regular readers. Read. Writ. 2004, 17, 801–821, doi:10.1007/s11145-004-2661-1. 
22. Tunmer, W.E.; Hoover, W.A. Cognitive and Linguistic Factors in Learning to Read; Taylor & Francis Group: Oxford-
shire, UK, 1992; pp. 175–214. 
23. de Jong, P.F. Working memory deficits of reading- disabled children. J. Exp. Child Psychol. 1998, 70, 75–96, 
doi:10.1006/jecp.1998.2451. 
24. Kibby, M.Y.; Marks, W.; Morgan, S.; Long, C.J. Specific Impairment in Developmental Reading Disabilities. J. Learn. 
Disabil. 2004, 37, 349–363, doi:10.1177/00222194040370040601. 
25. Stanovich, K.E. Discrepancy Definitions of Reading Disability: Has Intelligence Led Us Astray? Read. Res. Q. 1991, 
26, 7–29, doi:10.2307/747687. 
26. De Luca, M.; Di Pace, E.; Judica, A.; Spinelli, D.; Zoccolotti, P. Eye movement patterns in linguistic and non-lin-
guistic tasks in developmental surface dyslexia. Neuropsychologia 1999, 37, 1407–1420, doi:10.1016/S0028-393200038-
X. 
Brain Sci. 2021, 11, x FOR PEER REVIEW 21 of 22 
 
27. Hyönä, J.; Olson, R.K. Eye fixation patterns among dyslexic and normal readers: Effects of word length and word 
frequency. J. Exp. Psychology. Learn. Mem. Cogn. 1995, 21, 1430–1440, doi:10.1037/0278-7393.21.6.1430. 
28. Pavlidis, G.T. Do eye movements hold the key to dyslexia? Neuropsychologia 1981, 19, 57–64, doi:10.1016/0028-
393290044-0. 
29. Hutzler, F.; Kronbichler, M.; Jacobs, A.M.; Wimmer, H. Perhaps correlational but not causal: No effect of dyslexic 
readers’ magnocellular system on their eye movements during reading. Neuropsychologia 2006, 44, 637–648, 
doi:10.1016/j.neuropsychologia.2005.06.006. 
30. Olson, R.K.; Kliegl, R.; Davidson, B.J. Dyslexic and normal readers’ eye movements. J. Exp. Psychol. Hum. Percept. 
Perform. 1983, 9, 816–825, doi:10.1037/0096-1523.9.5.816. 
31. Bellocchi, S.; Muneaux, M.; Bastien-Toniazzo, M.; Ducrot, S. I can read it in your eyes: What eye movements tell us 
about visuo-attentional processes in developmental dyslexia. Res. Dev. Disabil. 2013, 34, 452–460, 
doi:10.1016/j.ridd.2012.09.002. 
32. Fischer, B.; Biscaldi, M.; Otto, P. Saccadic eye movements of dyslexic adult subjects. Neuropsychologia 1993, 31, 887–
906. 
33. Heiman, J.R.; Ross, A.O. Saccadic eye movements and reading difficulties. J. Abnorm. Child Psychol. 1974, 2, 53–61. 
34. De Luca, M.; Borrelli, M.; Judica, A.; Spinelli, D.; Zoccolotti, P. Reading Words and Pseudowords: An Eye Move-
ment Study of Developmental Dyslexia. Brain Lang. 2002, 80, 617–626, doi:10.1006/brln.2001.2637. 
35. Thaler, V.; Urton, K.; Heine, A.; Hawelka, S.; Engl, V.; Jacobs, A.M. Different behavioral and eye movement patterns 
of dyslexic readers with and without attentional deficits during single word reading. Neuropsychologia 2009, 47, 
2436–2445, doi:10.1016/j.neuropsychologia.2009.04.006. 
36. Hawelka, S.; Gagl, B.; Wimmer, H. A dual-route perspective on eye movements of dyslexic readers. Cognition 2010, 
115, 367–379, doi:10.1016/j.cognition.2009.11.004. 
37. Horowitz-Kraus, T.; Breznitz, Z. Reaction time and accuracy in erroneous vs correct responses among dyslexic and 
regular readers: From letters to sentences. Dyslexia 2011, 17, 72–84, doi:10.1002/dys.417. 
38. Jones, M.W.; Kelly, M.L.; Corley, M. Adult dyslexic readers do not demonstrate regularity effects in sentence pro-
cessing: Evidence from eye-movements. Read. Writ. 2007, 20, 933–943, doi:10.1007/s11145-007-9060-3. 
39. Engelhardt, P.E.; Nigg, J.T.; Ferreira, F. Executive function and intelligence in the resolution of temporary syntactic 
ambiguity: An individual differences investigation. Q. J. Exp. Psychol. 2017, 70, 1263–1281, 
doi:10.1080/17470218.2016.1178785. 
40. Van Dyke, J.A.; Johns, C.L.; Kukona, A. Low working memory capacity is only spuriously related to poor reading 
comprehension. Cognition 2014, 131, 373–403, doi:10.1016/j.cognition.2014.01.007. 
41. Vellutino, F.R. Alternative conceptualizations of dyslexia: Evidence in support of a verbal-deficit hypothesis. Harv. 
Educ. Rev. 1977, 47, 334–354. Available online: http://libproxy.tulane.edu:2048/login?url=http://search.ebsco-
host.com/login.aspx?direct=true&db=psyh&AN=1978-25485-001&site=ehost-live&scope=site (accessed on). 
42. Oakhill, J.V.; Cain, K. The Precursors of Reading Ability in Young Readers: Evidence from a Four-Year Longitudi-
nal Study. Sci. Stud. Read. 2012, 16, 91–121, doi:10.1080/10888438.2010.529219. 
43. Perfetti, C. Reading ability: Lexical quality to comprehension. Sci. Stud. Read. 2007, 11, 357–383, 
doi:10.1080/10888430701530730. 
44. Staub, A. Eye movements and processing difficulty in object relative clauses. Cognition 2010, 116, 71–86, 
doi:10.1016/j.cognition.2010.04.002. 
45. Gennari, S.P.; MacDonald, M.C. Linking production and comprehension processes: The case of relative clauses. 
Cognition 2009, 111, 1–23, doi:10.1016/j.cognition.2008.12.006. 
46. Gordon, P.C.; Hendrick, R.; Johnson, M. Effects of noun phrase type on sentence complexity. J. Mem. Lang. 2004, 
51, 97–114, doi:10.1016/j.jml.2004.02.003. 
47. Traxler, M.J.; Williams, R.S.; Blozis, S.A.; Morris, R.K. Working memory, animacy, and verb class in the processing 
of relative clauses. J. Mem. Lang. 2005, 53, 204–224. 
48. Roland, D.; Dick, F.; Elman, J.L. Frequency of basic English grammatical structures: A corpus analysis. J. Mem. Lang. 
2007, 57, 348–379, doi:10.1016/j.jml.2007.03.002. 
49. Gordon, P.C.; Hendrick, R.; Johnson, M.; Lee, Y. Similarity-based interference during language comprehension: 
Evidence from eye tracking during reading. J. Exp. Psychol. Learn. Mem. Cogn. 2006, 32, 1304–1321, doi:10.1037/0278-
7393.32.6.1304. 
50. Wiseheart, R.; Altmann, L.J.P.; Park, H.; Lombardino, L.J. Sentence comprehension in young adults with develop-
mental dyslexia. Ann. Dyslexia 2009, 59, 151–167, doi:10.1007/s11881-009-0028-7. 
Brain Sci. 2021, 11, x FOR PEER REVIEW 22 of 22 
 
51. Hulme, C.; Snowling, M. Phonological deficits in dyslexic: A “sound” reappraisal of verbal deficit hypothesis? In 
Learning Disabilities: Nature, Theory, and Treatment; Singh, N.N., Beale, I.L., Eds.; Springer: New York, NY, USA, 
1992; pp. 270–301, doi:10.1007/978-1-4613-9133-3_9. 
52. Denckla, M.B.; Rudel, R.G. Rapid “automatized” naming (R.A.N): Dyslexia differentiated from other learning dis-
abilities. Neuropsychologia 1976, 14, 471–479, doi:10.1016/0028-393290075-0. 
53. Wagner, R.K.; Torgensen, J.K.; Rashotte, C.A.; Pearson, N.A. Comprehensive Test of Phonological Processing, 2nd ed.; 
Pro-Ed, Inc.: Austin, TX, USA, 2013. 
54. Daneman, M.; Carpenter, P.A. Individual differences in working memory and reading. J. Verbal Learn. Verbal Behav. 
1980, 19, 450–466, doi:10.1016/S0022-537190312-6. 
55. Unsworth, N.; Heitz, R.P.; Schrock, J.C.; Engle, R.W. An automated version of the operation span task. Behav. Res. 
Methods 2005, 37, 498–505, doi:10.3758/BF03192720. 
56. Conway, A.R.A.; Kane, M.J.; Bunting, M.F.; Hambrick, D.Z.; Wilhelm, O.; Engle, R.W. Working memory span tasks: 
A methodological review and user’s guide. Psychon. Bull. Rev. 2005, 12, 769–786, doi:10.3758/BF03196772. 
57. Wechsler, D. Wechsler Adult Intelligence Scale, 4th ed.; WAIS-IV; Psychological Corporation: San Antonio, TX, USA, 
2014. 
58. Benson, N.; Hulac, D.M.; Kranzler, J.H. Independent Examination of the Wechsler Adult Intelligence Scale-Fourth 
Edition (WAIS-IV): What Does the WAIS-IV Measure? Psychol. Assess. 2010, 22, 121–130, doi:10.1037/a0017767. 
59. Brown, W. Some experimental results in the correlation of mental abilities. Br. J. Psychol. 1910, 3, 296–322, 
doi:10.1111/j.2044-8295.1910.tb00207.x. 
60. Spearman, C. Correlation calculated from faulty data. Br. J. Psychol. 1910, 3, 271–295, doi:10.1111/j.2044-
8295.1910.tb00206.x. 
61. Andrews, G.; Birney, D.; Halford, G.S. Relational processing and working memory capacity in comprehension of 
relative clause sentences. Mem. Cogn. 2006, 34, 1325–1340, doi:10.3758/BF03193275. 
62. MacDonald, M.C.; Christiansen, M.H. Reassessing working memory: Comment on Just and Carpenter (1992) and 
Waters and Caplan (1996). Psychol. Rev. 2002, 109, 35–54, doi:10.1037/0033-295X.109.1.35. 
63. Reali, F.; Christiansen, M.H. Processing of relative clauses is made easier by frequency of occurrence.  J. Mem. Lang. 
2007, 57, 1–23, doi:10.1016/j.jml.2006.08.014. 
 
